® 




Europaisehes Patentamt 
European Patent Office 
Office europ^en des brevets 



(11) Publfcation number: 



O 246 468 

A2 



EUROPEAN PATENT APPLICATION 



^) ApplicBtion number: 87106154.5 
@ Date of filing: 28.04.87 



<») inLCi.^: F 25 B 31/02 
H 02 K 7/14 



@ Priority: 23.05,86 US B67850 


@ Applicant: TEXAS liMSTRUMENTS INCORPORATED 
13500 North Central Expressway 


Date of publication of application : 


Dallas Texas 75265(US) 




2B.11.87 Bulletin 87^48 


(§) Inventor: Kelfth, Wnilam C. 


Oestgnaled Contracting States: 


341 7 Aquarius Circle 


Gariand Texas 75D42(US) 


CH DE U 


® Representative: Letser, Gottfried, Dipl.-lng. et al. 






PatentanwaltePrinz. Leiser. BunkeSc Partner Ernsberger 




Strasse 19 




D-8000 Munchen 60(DE} 



A linear drive motor with synninetric magnetic fields for a cooling system. 

A cooling system C10> has a compressor (4) for produc- 
ing cyclic pressure conditions within a refrigerator's sys- 
tem's volume. The compressor (4} alternately increases and 
decreases the working volume (65h thus raising and lower- 
ing the coolant pressure. An expander (59) reacts to this 
cyclic pressure change in such a manner to achieve a net 
removal of work, or. in other words, provide cooling at the 
cold tip (55). 
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A LINEAR DRIVE MOTOR WITH SYMMETRIC MAGNETIC FIELDS FOR 

A COOLING SYSTE'^ 

This invention relates to a cooling system for an 
infrared detector • and in particular* the cooling system 

that uses A LINEAR MOTOR TO OPERATE A COMPRESSOR* 

Infrared (I/R) detectors are used for detection of 

TNf=-RARED ENERGY AND IT IS USUALLY NECESSARY TO MAINTAIN 
THE DETECTOR AT A CRYOGENIC TEMPERATURE* An EXAMPLE OF A 
PRIOR ART COOLING SYSTEM IS DISCLOSED IN S, PATENT 

3»851.173 ENTITLED "A Thermal Energy Receiver". In the 

CASE where the infrared DETECTOR IS PART OF A NIGHT 
SIGHT, THE INTEGRATION OF LINEAR RESONANT COOLERS INTQ 
THE INFRARED NIGHT SIGHT HAS ENCOUNTERED SEVERAL 
PROBLEMS- A LARGE EXTERNAL MAGNETIC FIELD IS GENERALLY 
EMITTED BY THE COMPRESSOR MOTOR WHICH CAUSES EMI PROBLEMS 
IN THE INFRARED SYSTEM. The SLIGHTEST RELATIVE MOTION 
BETWEEN THE MAGNETIC FIELD AND THE CONDUCTORS WITHIN THE 

field induces electrical noise on the video circuit which 
is connected to the infrared detectors causing a 
degradation in the video output - 

Another problem is the vibration caused by the 

COMPRESSOR AT ITS RESONANT FREQUENCY. In INFRARED 
SYSTEMS* PRECISION OPTICS ARE USED THAT ARE SENSITIVE TO 
VIBRATIONS. TW(S. OF COURSE, ALSO CAUSES DEGRADATION IN 
THE VIOEO OUTPUT. 

Several schemes have been employed to minimize the 
effect of e*^! interferences or noise from the linear 
COMPRESSOR- Heavy shielding of the compressor to 

INTERCEPT the EXTERNAL MAGNETIC FIELD* EXTENSIVE 
SHIELDING OF THE VIDEO CIRCUIT, AND PLACING THE 
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CO-^oRESSOR MORE REMOTELY PROM THE ELECTRONICS HAVE BEEN 

TRIED- Each of these solutions have undesirabi-E 

CONSEOUEftlCES. 

One solution por reducing vibration has been to 
include a spring mass type harmonic balancer within the 
compressor- However* with a balancer any variation in 
the frequency of operation results in a decrease in the 

balancer EFFICIENCY- AlSO-^ EXTERNAL SOURCES OF VIBRATION 
CAN EXCITE UNDAMPED OSCILLATIONS. 

An ALTERNATE METHOD OF A COMPRESSOR BALANCING HAS 
BEEN SUGGESTED IN A NASA PATENT APPLICATION NSS^ZIW^ IN 
WHICH A PAIR OF MUTUALLY OPPOSED PISTONS MOVING IN UNISON 
PRODUCES A COMPRESSION WAVE WITHOUT TRANSMITTING REACTION 
«=^ORCES TO THE COMPRESSOR OR STRUCTURE. ThIS METHOD 
ACHIEVES SATISFACTORY BALANCING* HOWEVER* THE REQUIRED 
TECHNOLOGY DEVELOPMENT F^OR THE DEVICE AS DESCRIBED HAS 
NOT BEEN DEMONSTRATED. 

SMMMAffY OP THF INVPNTTON 

A COOLING SYSTEM HAS A COMPRESSOR FOR PRODUCING 
CYCLIC PRESSURE CONDITIONS WITHIN A REFRIGERATOR'S 
system's VOLUME. The compressor alternately INCREASES AND 
DECREASES THE WORKING VOLUME THUS RAISING AND LOWERING 
TmE COOLANT PRESSURE- An EXPANDER REACTS TO THIS CYCLIC 

pressure change in such a manner to achieve a net removal 

of work. or, in other words # provide cooling at the cold 

tip- 
It JS AN OBJECT OF THIS INVENTION TO PROVIDE A 

COOLING SYSTEM THAT HAS^ A LINEAR MOTOR THAT OPERATES 

WITH A MINIMUM OF VIBRATION: 

It is ANOTHER OBJECT OF THE INVENTION TO PROVIDE A 

cooling system that has a linear motor that operates with 
a minimum of magnetic fields external to the compressor- 
These and other objects and advantages of the 
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TMVENTION WILL BE APPARENT FROM READING THE SPECIFICATION 
IN CONJUNCTION WITH THE FIGURES IN WHICH: 

RffTTF nr<;rRTPTTnM nr tmf ^lanRfs: 

•=^igure 1 is a block diagram of the cooling system 
according to the invention; 

Figure 2 is a sectional diagram of the dual armature 
linear motor according to the invention? 

<="1gure 3 is an alternate embodiment illustrating a 
sectional diagram of the linear induction motor according 
to the invention! 

^^tgure ^ is a sectional block diagram of the cooling 

SYSTEM OF f^IGURE 1? 

^IGURE 5 IS A WAVEFORM DIAGRAM OF THE VOLTAGES THAT 
ARE USED TO OPERATE THE DUAL ACTION LINEAR INDUCTION 
MOTO« ACCORDING TO THE INVENTION; AND 

f^IGURE 6 IS A WAVEFORM DIAGRAM ILLUSTRATING THE 
PRESSURE OF THE DUAL ARMATURE LINEAR INDUCTION MOTOR TYPE 
COMORESSOR ACCORDING TO THE INVENTION, 

HFTATirn nrs:rPTPTTnM 0^' tmf pmrhhimfnts; 

<^TGURE i IS A SLOCK DIAGRAM OF A COOLING SYSTEM 10 
TNCORPORATING A DUAL ARMATURE COMPRESSOR ThE DUAL 

ARMATURE COMPRESSOR ^ IS POWERED BY A POWER SUPPLY 1 
WHICH IS CONNECTED TO THE DUAL ARMATURE COMPRESSOR ^ VIA 
CONDUCTORS 3- ThE DUAL ARMATURE COMPRESSOR ^ COMPRESSES 
A COOLANT SUCH AS HELIUM AND APPLIES IT VIA A CONDUIT 5 
TO AN EXPANDER 6 SHAPED LIKE A COLD FINGER THAT IT 
THERMALLY CONNECTED TO AN INFRARED DETECTOR 7- ThE 
EXPANDER 6f THROUGH THE EXPANSION OF THE COMPRESSED GAS 
FROM THE COMPRESSOR COOLS THE IR DETECTOR 7* ThE 

COOLING SYSTEM DESCRIBED OPERATES ON WHAT IS REFERRED TO 
IN THE ART AS THE STIRLING CYCLE- 
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^HE COMPRESSOR ^ HAS A BALANCED LINEAR MOTOR DESIGN 
WMICH IS ILLUSTfilATED IN A SECTION VIEW IN F f GURE 2* ThE 
BALANCED LINEAR MOTOR HAS A GENERALLY CYLINDRICAL SHAPE 
wrTM A PERMANENT MAGNET 15 » AN INNER AND OUTER IRON 
rOCUSING FIELD I6A AND 16B« AND TWO IDENTICAL COILS END 
ASSEMBLIES 11 AND 13 WITH EACH END ASSEMBLY INCLUDING A 
COIL WINDING. The PERMANENT MAGNET 15 PRODUCES LINES OF 
MAGNETIC FLUX 17 WHICH FOLLOW TWO INDEPENDENT* BUT 
SYMMETRICAL MAGNETIC FLUX PATHS THROUGH THE IRON FOCUSING 
FIELDS 16A AND ISBr AND ACROSS IDENTICAL AIR GAPS 22 AT 

EACH END. Close symmetry of the magnetic flux field in 

EACH AIR GAP 22 IS ASSURED BY THE MIRROR IMAGE GEOMETRY 
OF THE FOCUSING FIELDS ISA AND 16B* TwO IDENTICAL COIL 
WINDINGS. 23 AND 29, OPERATE IN THE AIR GAPS 22 AND 
ARE DRIVEN BY A COMMON ELECTRICAL INPUT WAVE FORM. ThE 
COIL WINDINGS 23 AND 29 MAY BE ELECTRICALLY CONNECTED IN 
PARALLEL OR IN SERIES WITH ATTENTION TO POLARITY. WhEN 
VOLTAGE IS APPLIED TO THE COIL WINDINGS 23 AND 29. THE 
CURRENT FLOWS TO GENERATE AN INDUCED MAGNETIC FORCE IN 
OPPOSITION TO THE FORCE PRODUCED BY MAGNETIC FLUX 17 IN 
THE AIR GAPS. The MAGNETIC FORCE SETS THE MOVABLE COILS 
11 AND 13 IN LINEAR MOTION IN THE DIRECTION OF ARROWS 21 

AND 27- Reversing the current direction through the coil 

WINDINGS 23 AND 29 REVERSES THE MAGNETIC FORCE AND THE 
direction OF MOTION 19 AND 25 OF THE COILS 11 AND 13- 

Complete symmetry of the magnet 15» focusing fields ISA 

AND 166» AIR GAPSr COIL WINDINGS 23 AND 29. AND THE 
APPLIED CURRENT » RESULT IN A BALANCED » OPPOSED MOTION OF 
THE TWO END ASSEMBLIES 11 AND 13. ALSO* SINCE THE 
PERMANENT MAGNET 15 IS FULLY ENCLOSED BY THE FOCUSING 
FIELDS 16A AND 16B AND THE AIR GAPS 22* THE ENTIRE 
AVAILABLE FLUX OF THE MAGNET CAN BE FOCUSED ACROSS THE 
AIR GAPS 22 AND THE DETRIMENTAL EXTERNAL MAGNETIC FIELD 
OP" THE MOTOR IS MINIMIZED. 
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Figure 3 shows a sectional view of an alternate 
embodiment 0«^ a linear induction, motor in which 

CYLINDRICAL SHAPED END ASSEMBLIES 11 AND 13 HAVE A 
<=»ERMANENT MAGNET, IDENTICAL PERMANENT MAGNETS 15A OR 
15B# ATTACH TO IT AND EXTEND INTO THE AIR GAPS 22. ThE 
IDENTICAL WINDINGS 23 AND 29 ARE ALSO MOUNTED IN THE AIR 
GAPS 22 AND ARE WOUND TO PRODUCE MAGNETIC FIELDS THAT# AS 

IN THE CASE OP- Figure 2, will either attract or repell 

THE MAGNET OF THE PERMANENT MAGNET 15A AND 15B- 

F'IGURE A IS A SECTIONAL VIEW OF A CLOSED LOOP 
COOLING SYSTEM 10 THAT UTILIZES THE LINEAR INDUCTION UA 
DRIVE MOTOR WITH SYMMETRIC MAGNETIC FIELDS TO DRIVE THE 
COMPRESSOR 4* The end assemblies 11 AND 13 ARE ATTACHED 
TO IDENTICAL PISTONS 63* A COMPRESSION SPACE 65 IS 

formed between the two opposed pistons g3 and the space 
is ported through a transfer tube 5 to an expander 
Each piston 63is biased toward midstroke position by a 

SET OF mechanical SPRINGS 61 AND 59- SPRINGS 59 

each represents a set OF three SPRINGS EQUALLY SPACED 
AROUND THE DIAMETER OF THE END ASSEMBLIES 11 AND 13 WHICH 
MAKE CONTINUOUS ELECTRICAL CONTACT BETWEEN THE IDENTICAL 
WINDINGS 23 AND 29 AND THE STATIONARY ELECTRICAL CONTACTS 
By APPLYING AN A/C TYPE VOLTAGE (FIGURE 5) TO THE 
ELECTRICAL CONTACTS 67 WHICH CYCLICALLY REVERSES THE 
CURRENT DIRECTION THROUGH THE IDENTICAL WINDINGS 23* 29 
ALTERNATING PUSH-PULL MAGNETIC FORCES ARE APPLIED TO THE 
END ASSEMBLIES lit AND 13» CAUSING THE PISTONS 63 TO 
OSCILLATE WITH OPPOSED, BALANCED MOTION- WhEN THE 

OPERATING COMPRESSOR ^ IS PRESSURIZED WITH A GAS, SUCH AS 
HELIUM, THE OPPOSING MOTION OF THE PISTONS CREATE A 
SINUSOIDAL FLUCTUATION OF THE COMPRESSION SPACE 65 AND 
THE WORKING VOLUME PRESSURE (FIGURE 6). The END 

ASSEMBLIES 11 AND 13 AND CONSEQUENTLY THE PISTONS VIBRATE 
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AS A FORCED SPRING MASS SYSTEM? THERErORE* MINIMUM 
ELECTRICAL POWER IS REQUIRED WHEN THE FREOUENCY OF THE 
A/C POWER INPUT MATCHES THE MECHANICAL RESONANCE OF THE 
ASSEMBLIES* COMPLETE SYMMETRY OF THE MOTOR 4A. PISTONS 
63. AND SPRING MECHANISMS 59 AND 61 RESULT IN EQUAL » 
OPPOSED VIBRATION OF THE TWO END ASSEMBLIES 11 AND 13* 
THEREBY MUTUALLY CANCELLING THE VIBRATION TRANSMITTED TO 
THE COMPRESSOR HOUSING. The RESULT IS A SMOOTH » BALANCED 
OPERATION OF THE COMPRESSOR 4 AT ANY OPERATING FREQUENCY* 

Figure 5 shows a waveform 83 of the voltage that 

IS APPLIED TO THE COMPRESSOR 4 FROM THE POWER SUPPLY 1 
WHEN D/C POWER IS USED* IT IS ESSENTIALLY A SQUARE WAVE 
STEP FUNCTION OPERATING IN A 360 DEGREE CYCLE- IT STARTS 
AT A +1 AND AT APPROXIMATELY 60 DEGREES, POINT 81, 
DROPS TO THE ZERO LEVEL AND THEN AT 120 DEGREES, 
POINT 82, DROPS TO A ^1 LEVEL WHERE IT STAYS UNTIL 210 
DEGREES, POINT 84 THEN IT GOES BACK TO ZERO AND AT 300 
DEGREES. POINT 8S THE WAVEFORM RETURNS TO THE POSITIVE 1 

POSITION- This is approximately equivalent to the 

SINUSOIDAL waveform THAT AS INDICATED BY WAVEFORM 83. 

In Figure 6, the working volume pressure that is 
present in the compression SPACE 65 IS represented by 
waveform 87, At resonant it is a sinusoidal waveform 
that is essentially 90 degrees out of phase with waveform 
83 of Figure 5. 

Returning to Figure ^. the expander 6 includes a 
mounting flange 53 for mounting of expander to the IR 
detector 7. The compressed coolant, such as helium, is 

APPLIED via the helium TRANSFER TUBE 5 TO THE EXPANDER 6 

where it enters a movable di5placer 58 having a matrix 
reservoir 57. 

There are a variety of methods currently employed to 

PRODUCE cooling BY THE EXPANDER. FOR INSTANCE, REFER TO 

Horn (U. S. Patent 3,765-187), Chellis et al (U. S- 
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Patgnt 4,5^5.793), Lam (U. S. Patent 4,385r499). All of 

THeSE TECHMIOUES MAY BE USED WITH THE LINEAR DRIVE 
COMPRESSOR DESCRIBED IN THIS INVENTION; HOWEVER* THE 
EXPANDER USED IN THE EMBODIMENT SHOWN INCLUDES 
COMPRESSION SPRINGS 51 AND 52 AND SPRING GUIDE 59 FOR 
GUIDING THE MOVEABLE DISPLACER 58. The GOAL IS TO 
PROPERLY PHASE THE MOTION OF THE DISPLACER 58 WITH THE 
WORKING VOLUME PRESSURE WAVEFORM 87. NOTICE THAT THE 
RECIPROCATING MOTION OF DISPLACER 58 MODULATES THE COLD 
VOLUME 55. !t 

IS WELL KNOWN THAT THE COOLING PRODUCED IN EXPANSION 
VOLUME 55 IS GIVEN BY: 



MATRtX RESERVOIR 57 SERVES AS AN ENERGY STORAGE AND 
HEAT EXCHANGE DEVICE. It HAS AN APPROPRIATE LINEAR 
TEMPERATURE GRADIENT - THE END IN CONTACT WITH EXPANSION 
VOLUME 55 IS APPROXIMATELY AT THE MACHINE'S CRYOGENIC 
TEMPERATURE? THE OPPOSITE END IS APPROXIMATELY AT THE 
EXTERNAL AMBIENT TEMPERATURE* DURING PORTIONS OF THE 
CYCLE FN WHICH PRESSURE IS INCREASING THERE IS A NET FLOW 
0*=" WORKING FLUID TOWARD COLD VOLUME 55. ThE MATRIX 
RESERVOIR ABSORBS ENERGY FROM THE WORKING FLUID THUS 
ORECOOLING THE "^^LUID AS IT FLOWS TOWARD COLD VOLUME 55. 
As THE PRESSURE DECLINES* THE MIRROR IMAGE PROCESS 

OCCURS- There is a net flow of fluid toward the ambient 

END of the matrix reservoir- HEAT EXCHANGE BETWEEN THE 
FLUID AND matrix EXTRACTS ENERGY FROM THE MATRIX (WARMINO 
THE cLUCD), The energy EXTRACTED DURING THIS 

D!=:PRESSURf 2AT10N PHASE IS SIMILAR IN MAGNITUDE TO THAT 
ABSORBED DURING PRESSUR I ZAT I ON - ThE DESIGN AND MATERIAL 
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SEcecrrow of the matrix reservoir is well, documented in 

THE SCIENTIFIC LITERATURE ($EE# FOR INSTANCE^ AnDEEN 

U- S- Patent ap40a#808). 

The above described INVENTION IS NOW CLAIMED BY THE 
APPENDED CLAIMS- 
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}- A COOUrK»G SYSTEM COMPRISING: 

A COHBlMATlO'tf OP A COMPRESSOR AND DUAL ARMATURE 
•-TisirAR rNDUCTION MOTOR IISfCLUOlNG A STATOR HAVING A 
G^^^NrfiALt-V CYLINDRTCAL SHAPE, A FIRST END AWD A SFCOND END 
AND A CTRST MAGNETIC MEANS CENTRALLY LOCATED BETWEEN THE 
P'RST END AND SECOND END WTTHIM THE BODY OF THE STATOR r 
THE MAGNETIC MEANS PROVIDES A FIRST AND SECOND MAGNETIC 
FIELDS! 

A FIRST ARMATURE SHAPED TO OPERATIVELY FIT ON THE 
FIRST END OF THE STATOR AND INCLUDING A SECOND MAGNETIC 
MEANS FOR PROVIDING A THIRD MAGNETIC FIELDJ 

A SECOND ARMATURE SHAPED TO I T ON THE SECOND END OF 
THE STATOR AND HAVING A THIRD MAGNETIC MEANS FOR 
PROVIDING A FOURTH MAGNETIC FIELDS 

A CONDUIT TMROUGH THE CENTER OF THE STATOR AND 
EXTENDING OUTWARD FOR CONDUCTING A COOLANT BETWEEN THE 
COMBINATION A COMPRESSOR AND DUAL ARMATURE LINEAR 

INDUr-rjON MOTOR AND AN EXPANDER: 

A FIRST PISTON CONNECTED to TME FIRST ARMATURE AND 
EX'»'«^NDING INTO THE STATOR; 

A SECOND PISTON CONNECTED TO "^HE SECOND ARMATURE AND 
AL^*^ FXT^END^Nf? IN"»^0 THc; STATOR? 

cripcT AND SECOND «»TSTONr OPEPATIVFLY MOUNTED IN 
-r«-icr CTATOR -rp co»-!f>RESS AND EXPAND A PREDEFINED VOH<ME 
•OCATED AT CONDUIT AT THE CENTER OF THE STATOR: 

T"E EXPANDER BEING OPERATIVELY CONNECTED TO THE 
CON'^UTT crop RECEIPT OF THE COOLANTS AND 

A POW«rR SL«P*PLY FOR PROVIDING CURRENT TO THE 
COMBINATION OF A COMPRESSOR AND DUAL ARMATURE LINEAR 
TNntiCTTON "iOTOR TO CAUSE THE «=^JRST AND SECOND PISTONS TO 
ALTERNATELY COMPRESS AND EXPAND THE PREDEFINED VOLUME IN 
RESPONSE TO THE ^'ROVIDED CURRENT. 

2* The COOLING SYSTEM ACCORDING TO CLAIM 1 WHEREIN 
THE FIRST MAGNETIC MEANS INCLUDES A MAGNETIC HAVING A 
NORTH POLE FOR PRODUCING THE FIRST MAGNETIC FIELD AND A 
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SOUTM POLE ^=*OR PRODUCING THE SECOND MAGNETIC FIELD; 

^iiE SECOND MAGNETIC MEANS INCLUDES A FIRST WINDING 
FOR PROVIDING The THIRD MAGNETIC FIELD WHICH HAS 
CWANGEABLE POLES AS OETERMINFD BY THE DIRECTION OF THE 
CURRENT FLOW THROUGH THE FIRST WINDING; AND 

THE THIRD MAGNETIC MEANS INCLUDES A SECOND WINDING 
FOR PROVIDING THE FOURTH MAGNETIC FIELD WHICH HAS 
CHANGEABLE POLES AS DETERMINED BY THE DIRECTION OF THE 
CURRENT PLOW THROUGH THE SECOND WINDING* 

3- "^HE COOLING SYSTEM ACCORDING TO ClAIM 1 WHEREIN 
Tur fTJRST MAGNETIC MEANS INCLUDES. A FIRST WINDING FOR 
PRODUCING THE FIRST MAGNETIC FIELD HAVING CHANGEABLE 
«*OL?=:S AS DETERMINED BY THE DIRECTION OF THE CURRENT FLOW 
THPOUGM T"E FIRST WINDING AMD A SECOND WINDING FOR 
PRODUCING TME TECONP MAF^NETIC FIELD HAVTNG CHANGEABLE 
POLES A- DETERMINED BY THE DIRECTION OF THE CURRENT FLOW 
TMCeO'«G«-> T«JE SECOND WIND TNG; 

T«-»E SECOND MAGNETIC MEANS INCLUDES A FIRST MAGNETIC 
CTQR PRODUCT NG THE THIRD MAGNETIC FIELD: AND 

THE TMrqo MAGNETIC MEANS INCLUDES A SECOND MAGNETIC 
rroP f*RODUCING THE SECOND MAGNETIC FIELD. 

^. A n^JAL ARMATURE LINEAR INDUCTION MOTOR 

COMPRISING 5 

A STATOR HAVING A GENERALLY CYLINDRICAL SHAPE* 
A F'RS"^ END AND A SECOND END AND A FIRST MAGNETIC MEANS 
CENTRALLY LOCATED BETWEEN THE FIRST END AND SECOND END 
W'TMIN THE BODY OF THE STATOR • THE MAGNETIC MEANS 
PROVIDES A FIRST AND SECOND MAGNETIC FIELDS; 

A FIRST ARMATURE SHAPED TO OPERATIVELY FIT ON THE 
FIRST END OF THE STATOR AND INCLUDING A SECOND MAGNETIC 
MEANS FOR PROVIDING A THIRD MAGNETIC FIELD? 

A SECOND ARMATURE SHAPED TO FIT ON THE SECOND END OF 
THE^ STATOR AND HAVING A THIRD MAGNETIC MEANS FOR 
PROVIDING A FOURTH MAGNETIC FIELD; 
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A •='1RST PISTON CONNECTED TO THE FIRST ARMATURE AND 
EXTENDING INTO THE STATOR: 

a second piston connected to the second armature and 
also extending into the stator j and 

the first and second pistons oreratively mounted in 
the stator to compress and expand a predefined volume 
located at the center of the stator. 

5. The dual armature linear induction motor 
ACCORDING TO Claim ^ wherein the first magnetic means 

fNCLUOES A MAGNETIC MAVING A NORTH POLE FOR PRODUCING THE 
FJRSr •-AGNETIC Fiei-O AND A SOUTH POLE FOR PRODUCING THE 
SECOND MAGNETIC ^lELDl 

THE SrCO-sJO ~»AGNeT"TC MEANS INCLUDES A FIRST WINDING 
«^0«9 PROVIDJN'G THC TM3RD MAGNETIC FIELD WHICH HAS 
CMANGEABLE ^OLES AS DETERMINED BY THE DIRECTION OF THE 
CURRENT Ft.OW THROUGH THE FIRST WINDING; AND 

rpo THIRD MAGNETIC MEANS INCLUDES A SECOND WINDING 
E^OR oqoVIDING THE FOURTH MAGNETIC FIELD WHICH HAS 
CWANGEABLF POtES AS DETERMINED BY THE DIRECTION OF THE 
CURRENT FLOW THROUGH THE SECOND WINDING. 

6. '^^E DUAL ARMATURE LINEAR INDUCTION MOTOR 
ACCORDING TO CLAI'-* 3 WHEREIN THE FIRST MAGNETIC MEANS 
INCLUDESf a FIRST WINDING FOR PRODUCING THE FIRST 
MAGNETIC FIELD HAVING CHANGEABLE POLES AS DETERMINED BY 
THE DIRECTION OF THE CURRENT FLOW THROUGH THE FIRST 
WINDING AND A SECOND WINDING FOR PRODUCING THE SECOND 
^\AGK»ETtC FIELD HAVING CHANGEABLE POLES AS DETERMINED BY 
T«^tr DIRECTION OF THE CURRENT FLOW THROUGH THE SECOND 
W^ND'NGS 

THE SECOND P-AGNETIC MEANS INCLUDES A FIRST MAGNETIC 
FOR PRODUCING THE THIRD MAGNETIC FIELD; AND 

THE THIRD MAGNETIC MEANS INCLUDES A SECOND MAGNETIC 
FOR PRODUCING THE SECOND MAGNETIC FIELD- 
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